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Expression of VEGF2 roRNA in 
Human Breast Tumor Cells 
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Expression of VEGF2 rnRNA in human adult tissues. 
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POLYNUCLEOTIDES ENCODING 
VASCULAR ENDOTHELIAL GROWTH 
FACTOR 2 

This is a Division of application Ser. No.' 08/207,550, 
hied Mar. 8, 1994, now abandoned. 

This invention relates to newly identified 
polynucleotides, polypeptides encoded by such 
polynucleotides, the use of such polynucleotides and 
polypeptides, as well as the production of such polynucle- 
otides and polypeptides. More particularly, the polypeptide 
of the preseat invention is a human vascular endothelial 
growth factor 2 (VEGF2). The invention also relates to 
inhibiting the action of such polypeptide. 

The formation of new blood vessels, or angiogenesis, is 
essential for embryonic development, subsequent growth, 
- and tissue repair. Angiogenesis is an essential part of the 
growth of human solid cancer, and abnormal angiogenesis' is 
associated with other diseases such as rheumatoid arthritis, 
psoriasis, and diabetic retinopathy rFoikman, J. and 
Klagsbrun, M. f Science 235:442^47,(1987)). 

Several facLors are involved in angiogenesis. Both acidic 
and basic fibroblast growth factor molecules that are mito- 
gens for endothelial cells and other cell types. Angiotropin 
and angiogenic can induce angiogenesis, although their" 
functions are unclear (Folkman T J., 1993, Cancer Medicine 
pp. 153-170, Lea and Febiger. Press)/ A highly selective 
mi to gen. for vascular endothelial cells is vascular endothelial 
growth factor or VEGF (Ferrara, N., et al., Endocr. Rev. 
13:19-32, (1992)). Vascular endothelial growth factor is a 
secreted angiogenic mitogen whose target celf specificity 
appears to be restricted to vascular endothelial cells." The 
murine VEGF gene has been characterized and its- expres- 
sion pattern, in embryogenesis has been analyzed. A persis- 
tent expression of VEGF was obser/ed in epithelial cells 
adjacent to fenestrated endothelium, e.g., in choroid plexus 
and in kidney glomeruli. The data was consistent with a role 
.of VEGF as a multifunctional regulator of endothelial, cell 
growth and differentiation. Breier, G..et al. Development, 
114:521-532 (1992). 

VEGF can- promote angiogenesis." VEGF shares 
sequence homology with human platelet-derived growth 
factor, PDGFa and PDGFp ( Leung, D. W. T et aL, Science, 
1306-1309, (19S9)). The extent of homology is about 21% 
and 24% respectively. Eight cysteine residue's are conserved 
between all three members. Although they are similar, there 
are specific differences between VEGF and PDGF. While 
PDGF ls a major growth factor for connective tissue, VEGF 
is highly specific for endothelial cells. VEGF is also known 
as vascular permeability factor (VPM) and follicle stellate-- 
•derived growth factor. It is a hep arm -binding dimertc 
polypeptide. 

. VEGF has four different forms of 121, 165, 1S9 and- 206 
amino acids due to alternative splicing. VEGF121 and 
VEGF165 are soluble and are' capable of promoting 
angiogenesis, whereas VEGF1S9 and VEGF206 are bound 
to heparin containing proteoglycans in the cell surface. The 
temporal and spatial expression of VEGF has been corre- 
lated with physiological proliferation. of the blood vessels 
(Gajdusek, C. M., and Carbon, S. J., Cell Phvsiol., . 
139:570-579, (1939)); McNeil, P. L, Muthuknshnan, L., 
Warder, E., D'Amore, P. A., J.. Cell. Biol., 109:811-822, 
(1989)). Us high affinuy binding sites are. localized only on 
endothelial cells in tissue sections (Jakeman, L. B., et al., 
Clin. Invest. 89:244-253, (1989)). The factor can be isolated 
from pituitary cells and several tumor cell lines, and has 
been implicated in some human gliomas (Plate, K. H. Nature 
35$:-345-S4S, (I992)j. 



60 



65 



Interestingly, expression. of VEGF121 or VEGF165 con- 
fers on Chinese hamster ovary ceils the ability to form 
c rumors in nude mice (Ferrara, N. T et ah, J. Clin. Invest. 

91:160-170, (1993)). Finally, the inhibition of VEGF func- 
5 tion by aoti-VEGF monoclonal antibodies was shown to 
inhibit tumor growth in immune -deficient mice (Kim,- K. J., 
■ s Mature 362:841-844, (1993)). . 

■ Vascular permeability factor, also known as VEGF, has. 
.also been found to be responsible for persistent micro vas- 
10 cular hyperpermeability to plasma proteins even after the 
cessation of injury, which is a characteristic feature of 
normal wound healing. This suggests that VPF (or VEGF) is 
an important factor in wound heating. Brown, L. F et al J 
Exp. Med., 176:1375-9 (1992). 
15 U.S. Pat. No. 5,073,492, issued Dec. 17, 1991 to Chen et. 
■ al., discloses a method for synergistically enhancing endot- 
helial cell growth in an appropriate environment which 
comprises adding to the environment, VEGF, effectors and 
serum-derived. factor. .Also, vascular endothelial cell growth 
factor C sub-unit' DNA has been prepared by polymerase 
chain reaction techniques. The DNA encodes a protein that 
may exist as either a heterodimer or homodimer. The protein 
is a mammalian vascular endothelial cell mitogen and, as 
such, is useful for the promotion of vascular development 
and repair, as disclosed in European Patent Application No. 
92302750.2, published Sept. 30, 1992. 

In accordance with one aspect of the present invention, - 
there is provided a novel mature polypeptide which is a 
VEGF2 as well as fragments, analogs and derivatives 
thereof. The VEGF2 of the preseat invention is of human 
origin. 

In accordance with another aspect of the present 
invention, there are provided polynucleotides (DNA or 
RNA) which. encode such polypeptides. In accordance with 
still another aspect of the present invention, there is provided 
a process 'for producing such polypeptide by recombinant " 
•techniques. 

In accordance with yet a further aspect of the present 
invention, there is provided a process for utilizing such 
polypeptide, or polynucleotide encoding such polypeptide, 
for therapeutic purposes, for example, as a wound-beating 
agent, to promote growth of damaged bone and tissue and 
promote endotheliatization as well as for diagnosis of 
tumors, cancer therapy and to identify and isolate unknown < 
receptors of VEGF2. 

In accordance with yet another aspect of the present 
invention, there is provided an antibody against the VEGF2 
and- a process for producing such antibody. 

In accordance with yet another aspect of the present 
invention, there are provided antagonist/inhibitors to 
VEGF2, which may be used to inhibit the action of such 
polypeptide, for example, to prevent tumor angiogenesis. - 
These and other aspects of the present invention should 
be apparent, to those 'skilled in ' the art from the teachings . 
herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The following drawings are illustrative of embodiments 
of the invention and are not meant to limit the. scope of the 
invention as encompassed by the claims. 

FIGS. 1A, IB, 1C and ID (FIG. 1A shows the first' 
portions of the polynucleotide sequence encoding VEGF2 
and the amino acid sequence for VEGF2, and FIGS. IB, 1C 
and ID, respectively continue with the sequential portions of 
each sequence began in FIG. 1A) collectively depict the 
polynucleotide. sequence (SEQ ID NO.T) which encodes 
VhGF2, and the corresponding ammo acid sequence (SEQ 
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ID NO:2) tor the VEGF2 polypeptide comprising 350 amino 
acid residues of which approximately the first 24 amino 
acids represent -the leader sequence. The standard one -letter 
codes arc utilized to depict the amino acid residues encoded 
by the polynucleotide triplets. The polynucleotide sequence- 5 
(SEQ ID NO:l) which encodes for VEGF2, and the corre- 
spoading deduced amino acid sequence (SEQ ID NO:2) of 
the full length VEGF2 polypeptide comprising 350 amino 
acid residues of which approximately the first 24 ammo 
acids represent the leader sequence. The standard three-letter to 
abbreviation has been used to depict the amino acid 
sequence. 

FIGS. 2A and 2B collectively depict polypeptide 
-sequences in alignment and show the alignment of VEGF2 
wuh the other growth factor PDGFa, PDGFp, and VEGF. 15 
FIG. 2A depicts N-terminal portions of the polypeptide 
sequences and FIG. 2A continues with C- terminal portions 
of the polypeptide sequences. The. four lines lq each com- 
parative row depict, respectively, the PDGFa polypeptide 
sequence (SEQ ID NO:7), the PDGF[3 polypeptide sequence ^3 
(SEQ ID NO:8), the VEGF polypeptide sequence (SEQ ID 
NO:9)' and the VEGF2 polypeptide sequence. The amino . 
acid residues are illustrated in FIGS. 2A and 2B by the 
standard one-letter codes. - - 

FIG. 3 shows, in table -form, the percent homology 25 
between PDGFa, PDGF(j, VEGF and VEGF2. 

FIG. 4 shows. the presence of mRNAfor VEGF2 in breast 
tumor cell lines. 

FIG. 5 depicts the results. of a Northern blot analysis of 
VEGF2 in human adult tissues. 

FIG. 6 shows the results of running VEGF2 and SDS- 
PAGE gel after in vitro transcription/translation. The full , 
length and. partial VEGF2 cDNA were transcribed and 
translated in a coupled reaction in the presence of j3 S- 35 
methionine. The translated products w-ere analyzed by 
4-20% gradient SDS PAGE and exposed to X-ray Elm. 

In accordance with one aspect of the present invention, 
there is provided an isolated nucleic acid (polynucleotide) 
which encodes for the- mature, polypeptide having the 40 
deduced amino acid sequence of SEQ ID NO:2 or for the 
mature polypeptide encoded by the cDNA of the clone 
deposited as ATCC Deposit No. 75698, on Mar. 4, 1994, 
wuh ATCC, 10S01 University Boulevard, Manassas, Va. 
20 110-2209. Since the strain referred to is being maintained 45 
under the terms of the Budapest Treaty, it will be made 
available to a patent office signatory to the Budapest Treaty. 
If a patent should issue which is directed to the present 
invention, upon the issuance of such a patent the deposited 
strain of ATCC 75698 wiil.be irrevocably and without 50 
restriction released to the public, excepting for those restric- 
tions permitted by enforcement of the patent. 

A polynucleotide encoding a polypeptide of the present 
invention may be obtained from early stage human embryo 
(week 8 to .9) osteoclastomas, adult heart or several breast 55 
cancer cell lines. The polynucleotide of this invention was 
discovered in a cDNA library^ derived from early stage 
human embryo week 9. It is structurally related to the 
VEGF/PDGF family. It contains an open reading frame 
encoding a- protein of about 350 amino acid residues- of 60 
which approximately the first 24 amino acid residues are 
likely to be leader sequence such that the mature protein 
comprises 326 amino acids, and which protein exhibits the 
highest homology to vascular endothelial growth factor 
(30% identity), followed by PDGFa (23%) and PDGF[3 65 
(22^). ( see FIG. 3). It is particularly important 'hat all eight 
cysteines are' conserved within all four members of the 



familv(see boxed areas of FIG. 2). In addition, the signature 
for the PDGF/VEGF family, PXCVXXXRCXGCCN,.(SEQ 
ID NO:3) is- conserved in VEGF2 (see FIG. 2). The homol- 
ogy between VEGF2, VEGF and' the two PDGFs is at the 
protein sequence level. No nucleotide sequence homology 
can be detected, and therefore, it would be difficult to isolate 
the VEGF2 through simple approaches such as low strin- 
gency hybridization. 

. The polynucleotide of the present invention may be in the 
form of RNA or in the form of DNA, which DNA includes 
cDN A, genomic DNA, and synthetic DNA. The DNA may 
be double -stranded or smgle-stranded, and if single stranded 
may be the coding strand or non-coding (anti-sense) strand. 
The coding sequence which encodes the mature polypeptide 
may be identical to the coding sequence shown in SEQ ID 
NOT or that of the deposited clone or may be a different 
coding sequence which coding sequence, as a result of the 
-redundancy or degeneracy of the genetic code, encodes the 
same, mature polypeptide as the DNA of SEQ ID NO:l or 
the deposited cDNA.. 

The polynucleotide which encodes for the' mature 
polypeptide of FIG. 1 or for the mature polypeptide encoded 
by the deposited cDNA may include: only the coding 
sequence' for the mature polypeptide; the coding sequence 
for the mature polypeptide and additional coding sequence 
such as a leader or secretory sequence or a proprotein 
sequence; the coding sequence .for the mature polypeptide , 
(and optionally additional coding sequence) and non-coding 
sequence, such as mtrons or non-coding sequence 5' and/or 
3' of the coding sequence for the mature polypeptide. 

Thus, the term "polynucleotide encoding a polypeptide" 
encompasses a polynucleotide which includes only coding 
sequence for the polypeptide as well as a polynucleotide 
which includes additional coding and/or non-coding 
sequence, ~ 

The present invention further relates to variants of the 
hereinabove described polynucleotides which encode for 
fragments, aaalogs and derivatives of the polypeptide hav- 
ing the deduced amino acid sequence of FIG. 1 or the 
polypeptide encoded by the cD.NA of the deposited clone. 
The variant of the polynucleotide may be a naturally occur- 
ring allelic variant of the polynucleotide or a non-uaturally , 
occurring variant of the polynucleotide. 

Thus, the present " invention includes polynucleotides 
encoding the same mature polypeptide as shown in FIG. 1 
or the same mature polypeptide encoded by the cDNAof the 
deposited clone as well as variants of such polynucleotides 
which variants encode for an fragment, derivative or analog . 
of the polypeptide of FIG. I or the polypeptide encoded by 
the^cDNA of the deposited clone. Such nucleotide variants" 
include deletion variants, substitution variants and addition 
or insertion variants. 

As hereinabove indicated, the polynucleotide may have a 
coding sequence which is a aaturally occurring allelic vari- 
ant of the coding sequence shown in SEQ ID NO':l or of the 
coding sequence of the deposited clone. As known in the art, 
an allelic variant is an alternate form of a polynucleotide 
sequence which have a substitution, deletion or addition of 
one or more nucleotides, which does not substantially alter 
the function of the encoded polypeptide. 

The present invention also includes polynucleotides, 
wherein the coding sequence for the mature polypeptide 
may be fused in the same reading frame to a polynucleotide 
which aids in expression and secretion of a polypeptide from 
a host cell, for example, a leader sequence which functions 
as a secretory sequence for controlling transport^ of a 
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polypeptide from the cell The polypeptide having a leader 
sequence is a preprotein and may have the leader sequence 
cleaved by the host cell to form the mature form of the 
polypeptide. The polynucleotides may also encode for a 
proprotem which is the mature protein plus additional 5' 
ammo acid residues. A mature protein having a prosequence 
is a proprotem aad is an inactive form of the protein. Once 
the prosequence is cieaved an active mature protein remains. 

Thus; for example, the polynucleotide of the present 
invention may encode for a mature protein, or for a protein 
having a prosequence or for a protein having both a prose- 
quence and p resequence (leader sequence). 

The polynucleotides of the present invention may also 
have the coding sequence fused in frame to a marker 
sequence which allows for purification of the polypeptide of 
the present invention. The marker sequence may be a 
hexa-bistidine tag supplied by a pQE-9 vector to provide for 
purification of the mature polypeptide fused to the marker in 
the case of. a bacterial host, "or, for example, the marker 
sequence may be a hemagglutinin (HA) tag when a mam- 
malian host,, e.g. COS-7. cells, is used. The HA Lag corre-' 
soonds to an epitope derived from the influenza hemagglu- 
tinin protein (Wilson, L, et ai., Cell, 37:767 (19S4)). 

The present invention further relates to polynucleotides 
which hybridize to the hereinabove-described sequences if 
there is at least 50% and preferably 70% identity between 
the sequences. The present invention particularly relates to 
polynucleotides which hybridize under stringent conditions 
to the hereinabove -described polynucleotides . As herein 
used, the term ''stringent conditions" means hybridization 
will occur only if there is at least 95% and preferably at-least 
97% identity between the sequences. The polynucleotides 
which hybridize to the hereinabove described polynucle- 
otides m a preferred embodiment encode polypeptides 
which retain substantially the same biological function or 
activity as the mature polypeptide encoded by the cDNAof 
SEQ ID NO:2 or the. deposited cDNA. 
- The deposit(s) referred to herein will be maintained under 
the Budapest Treaty on the International Recognition of the 
Deposit of Microorganisms for the purposes of Patent Pro- 
cedure. These deposits are provided merely as a convenience 
and are not an admission that a deposit is required under 35 
U.S.C. § 112. The sequence of the polynucleotides contained 
in the deposited materials, as well as the amino acid 
sequence of the polypeptides encoded thereby, are incorpo- 
rated herein by reference and are controlling in the event of 
any conflict with- the description of sequences herein. A 
license may be required to make, use or sell the deposited 
materials, and no. such license is hereby granted. 

The present invention further relates to a VEGF2 
polypeptide which has the deduced amino acid sequence of 
SEQ ID NO:2 or which has the amino acid sequence 
encoded by the deposited cDNA, as well as fragments, 
analogs and derivatives of such polypeptide. 

The terms ''fragment," "derivative" and "analog" when 
referring to the polypeptide of SEQ ID NO:'2 or that encoded 
by the deposited cDNA, means a polypeptide which retains 
essentially the same biological function or activity as such 
poly peptide. Thus, an analog includes a proprotem which 
can be activated by cleavage of the proprotem portion to 
produce an active mature polypeptide. 

The polypeptide^ the present invention may be a recom- 
binant polypeptide, a natural polypeptide or a synthetic 
polypeptide, preferably a recombinant polypeptide. 

Tne fragment, derivative or analog of the polypeptide of 
SEQ ID NO:2 or that encoded by the deposited cDNAmay 
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be (i) one in which one or more of the amino acid residues 
are substituted with a conserved or nan-cooserved amino 
acid residue (preferably a conserved amino acid residue) and 
such substituted amino acid residue may or may not be one 

5' encoded by the genetic code, or (ii) one in which one or 
more of the amino acid residues includes a substituent 
group, or (iii) one in which the mature polypeptide is fused 
with another compound, such as a compound to -increase the 
half-life of the polypeptide (for example, polyethylene 

10 glycol), or (iv) one in which the additional amino acids are 
fused to the mature polypeptide, such: as a leader or secretory 
sequence or a sequence which is employed for purification 
of the mature polypeptide or a proprQtein sequence. Such 
. fragments, derivatives and analogs are deemed to be within 

15 the scope of those skilled m the art from the teachings 
herein. - 

•■ The polypeptides and polynucleotides of the present 
invention are preferably provided in an isolated form, and 
preferably are purified to homogeneity. 

20 The term "isolated" means that the material is removed 
from its original environment (e.g., the natural environment 
if it is naturally occurring). For example, a naturally- 
occurring polynucleotide or polypeptide present in a- living 
animal is not isolated, but the same polynucleotide or DNA 

15 or polypeptide, separated from some or all of the coexisting 
. materials in the natural system, is isolated. Such polynucle- 
otide could be part of a. vector and/or such polynucleotide or 
polypeptide could be part of a composition, and still be 
isolated in that such vector or composition is not part of its 

- 30 natural environment. 

- The present invention also relates, to vectors which 
include polynucleotides of the present invention, host cells 
which are genetically engineered with vecLors of the mven- 

■ don and' the production of polypeptides of the invention by 
recombinant techniques. 

Host cells are genetically engineered (transduced or trans- 
formed or transfected) with the vectors of this invention 
which may be, for example, a cloning vector or an expres- 

^ sion vector. The vector may be, for example, in the form of 
a plasmid, a viralparticle, a phage, etc. The engineered host 
cells can be cultured in conventional nutrient media modi- 
fied as appropriate for activating promoters, selecting trans- 
formants or amplifying the VEGF2 genes. The culture 

45 .conditions, such as temperature, pH and the like, are those 
previously used with the host cell selected for expression, 
and will "be apparent to the ordinarily skilled artisan. 

The polynucleotide of the present invention may be 
employed for producing a polypeptide by recombinant tech- ; 

5Q niques. Thus, for example, the polynucleotide sequence may 
be included in any one of a variety of expression vehicles, 
in particular vectors or plasmids for expressing a polypep- 
tide. Such vectors include chromosomal, -nonchromosomal 
and synthetic DNA sequences, e.g., derivatives of SV40; 

55 bacterial plasmids; phage DNA; yeast plasmids; vectors 
derived from combinations of plasmids and phage DNA, 
viral DNA such as vaccinia, adenovirus, fowl pox virus, and 
pseudorabies. However, any other plasmid or vector may be 
used as long as it is replicable and viable in the host. 

60 As hereinabove described, the- appropriate DNAsequence 
may be inserted into the vector by a variety of procedures. 
In general, the DNAsequence is inserted into an appropriate 
- restriction endonuclease sites by procedures known in the 
art. Such procedures and others are deemed to be within the 

65 scope of those skilled in the art. 

The DNAsequence in the expression vector is opcraiively 
linked to an appropriate expression control sequence(s)- 
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(promoter) to direct mRNA synthesis. As representative . 
examples of such promoters, there may be mentioned: LTR 
or SV40 promoter, the E. colL lac or up, the phage lambda 
P- promoter and other promoters known to control expres- 
sion of genes in prokaryotic or eukaryotic cells or their 5 
viruses. The expression vector also contains a ribosorae 
binding site for translation initiation and a transcnptioa 
terminator. The vector may also include appropriate 
sequences tor "amplifying expression. 

In addition, the expression vectors preferably contain a *° 
gene to provide a phenotypic trait for selection of trans- 
formed host cells such as dihydrofolate reductase or neo- 
mycin resistance for eukaryotic cell culture, or such as 
tetracycline or ampicillin resistance in E. coli. 

The - vector containing the appropriate DMA sequence as 
herein above described, as well as-an appropriate promoter 
or control sequence, may be employed to transform an - 
appropriate host to permit the host to express the protein. As 
representative examples of appropriate hosts, there may be 
mentioned: bacterial cells, such as E. Coli, Salmonella v 
lyplumurium Streptomyces; fungal cells, such as yeast; 
insect cells, such as Drosophila and St'9;. animal cells such 
as CHO, COS or Bowes melanoma; plant cells, etc. The 
selection of an appropriate host is deemed to. be within the ^ 
■ scope of those skilled in the art from the teachings herein. 

More particularly, the present invention also includes 
recombinant constructs comprising one or more of the 
sequences as broadly described above. The constructs com- 
prise a vector, such as a plasmid or viral vector, ;nto which 3Q 
a sequence of the invention has been inserted, in a forward 
or reverse orientation. In a preferred aspect of this 
embodiment, the construct .further comprises regulatory 
sequences, including, for example, a promoter, operably 
linked to the sequence. Large .numbers of suitable vectors 
and promoters are known to those of skill in the art, and are 
commercially available. The folio wing vectors are provided 
bv.way of example. Bacterial: pQE70, pQE-9 (Qiagen), pBs, 
prescript, PsiXl74, pBluescnpt SK, pBsKS, pNHSa, 
pNHlba, pNHlSa, pNH46a (Stratageae); P Trc99A, 4Q 
P KK223-3, pKK233-3, pDR540, PR1T5 (Pharmacia). 
Eukarvotic: pWLneo, pSV2cai, pOG^,. pXTl, pSG 
(Stratagene) pSVK3, pBPV t PMSG, pSVL (Pharmacia). " 
However, any other plasmid or vector may be used as long . 
as they are replicable and viable in the hosi. 4? 

Promoter regions can be selected from any desired gene 
using CAT (chloramphenicol transferase) vectors or other 
vectors with selectable markers. Two appropriate vectors are 
pKK232-8 and pCM7. Particular named bacterial promoters 
include Lacl, lacZ, T3, T7, gpt, lambda P„, PL and trp. 5C 
Eukaryotic promoters include CMV immediate early, HSV 
thymidine kinase, early and late SV40, LTRs from 
retrovirus, and mouse metallothioneuvl. Selection of the 
appropriate vector and promoter is well within the level of. 
ordinary skill in the art. 

In a further embodiment, the present invention relates to 
host cells containing the above-described construct. The 
host cell can be a higher eukaryotic cell, such as a mam- 
malian cell, or a lower eukaryotic cell, such as a yeast cell, 
or the host cell can be a prokaryotic cell/such as a bacterial 
■cell. Introduction of the. construct into the host ceil can be 
effected by calcium phosphate transection, DEAE-Dextran 
mediated traasfecriqn, or electroporation (Davis, L., Dibner, 
M., BatteV, I., Basic Methods in Molecular Biology, 1986)). 

Trie constructs in host cells can be used in a conventional 
manner to produce the gene product encoded by the recom- 
binant sequence. Alternatively, the . polypeptides of the 
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invention can be synthetically produced- by conventional 
peptide synthesizers. 

Mature proteins can. be expressed in mammalian cells, 
yeast, bactena, or other cells under the control of appropriate 
promoters. Cell-free translation systems can also be 
employed to produce such proteins using RNAs derived 
from the DMA constructs of the present invention. Appro- 
priate cloning and expression vectors for use with prokary- 
otic and eukaryotic hosts are described by Sambrook. et aL, 
Molecular Cloning: A Laboratory Manual,- Second Edition, 
(Cold Spring Harbor, N.Y, 1989), the disclosure of which is 
hereby incorporated by reference. 

Traascnption of a DNA encoding the polypeptides of the 
present invention ' by higher eukaryoies is increased by 
inserting an enhancer sequence into the vector. Enhancers 
are cis-acung elements of DNA, usually about from 10 to 
300 bp, that act on a promoter to increase its transcription. 
Examples include the SV40 enhancer on the late side of the 
replication origin (bp 100 to 270), a' cytomegalovirus early 
promoter enhancer, a polyoma enhancer on the late side of 
the replication origin, and adenovirus enhancers. 
-Generally, recombinant expression vectors will include 
origins of replication and selectable markers permitting 
transformation of the host cell,. e.g., the ampicillin resistance 
gene of E coli and 5. cerevisiae TRPl gene, and a promoter 
derived from a highly-expressed gene to direct transcription 
of a downstream structural sequence. Such promoters can be 
derived from operons encoding glycolytic enzymes such as 
3-phosphoglycerate kinase (PGK), d- factor, acid 
phosphatase, or heat shock proteins, among others. The 
heterologous structural sequence is assembled in appropriate 
phase with translation' initiation and termination sequences, 
and preferably,, a leader sequence capable of directing secre- 
tion of translated protein into the ' periplasms space or 
extracellular medium. Optionally, the heterologous 
sequence can encode a fusion protein including an 
K-terminal identification peptide, imparting desired 
characteristics, e.g., stabilization or simplified purification 
of expressed recombinant product. 

Useful expression vectors tor bacterial use are constructed 
by inserting a structural DNA sequence encoding a desired 
protein together wuh suitable translation initiation and ter- 
mination signals in operable reading phase with a functional 
promoter. The vector will comprise one or more phenotypic 
selectable markers and an origin of replication to ensure 
maintenance of the vector and to, if desirable, provide 
amplification within the host. Suitable prokaryotic hosts for 
transformaiion include E. coli, Bacillus subtilis, Salmonella 
typhimurium and various species within the genera 
Pseudomonas, Streptomyces, and Staphylococcus, although 
others may also be employed as a matter of choice. 

As a representative but nonlimking example, useful 
expression vectors for bacterial use can comprise a select- 
55 able marker and bacterial origin of replication derived from 
commercially available plasmids comprising genetic ele- 
ments of the well known cloning vector pBR322 (ATCC 
37017). Such commercial vectors include, for example, 
pKK223-3 (Pharmacia Fine Chemicals, Uppsala, Sweden) 
50 and GEM1 (Promega Biotec, Madison, Wis., USA). These 
■pBR322 "backbone" sections are combined with an appro- 
pnate promoter and the structural sequence to be expressed. 

Following transformation of a suitable host strain and 
growth of the host strain to an appropriate cell density, the 
65 selected promoter is derepressed by appropriate means (e.g., 
temperature shift or chemical induction) and cells are cul- 
tured for an- addiuona! period. 
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Cells are tvpically harvested by cenirifugaiion, disrupted 
by physical or chemical means, and the resulting crude 
extract retained for further purification. 

Microbial cells employed in expression of proteins can be, 
disrupted by any convenient method, including freeze-thaw 5 
cycling, soaication, mechanical disruption, or use of cell 
lysing agents. 

Various mammalian cell culture systems can also be 
employed to express recombinant protein. Examples of 
mammalian expression systems include the COS-7 lines of 10 
monkey kidney fibroblasts, desenbed by Gluzman, Cell, 
23:175 (1981), and other cell lines capable of expressing a 
compatible vector, for example, the C127, 3T3, CHO, HeLa 
and BHK cell lines. Mammalian expression vectors will 
comprise 'an origin of replication, a suitable promoter and 
enhancer, and also any necessary nbosome binding sites, 
polyadenylation site, splice donor and acceptor sites, tran- 
scriptional termination sequences, and 5' flanking nontran- 
scribed sequences. DMA sequences derived from the SV40 
viral genome, for example, SV40 origin, early promoter, ^ 
enhancer, splice, and polyadenylation sites may be used to * . 
provide the required nontranscribed genetic elements. 

VEGF2 is recovered and purified from recombinant cell- 
cultures by methods used heretofore, including ammonium 
sulfate or ethanol precipitation, acid extraction, anion or. ?5 
canon exchange chromatography, phosphocellulose 
chromatography, hydrophobic interaction chromatography, 
affinity chromatography, hydro x-yapatite chromatography 
and lectin chromatography. It is preferred to have low 
concentrations (approximately 0.1-5 mM). of cAlcium ion . Q 
present during purification (Price, et al, J. Biol. Chem., 
-244:917 (1969)).. Protein refolding steps can be used, as 
necessary, in completing configuration of the mature protein. 
Finally, high performance liquid chromatography (HPLC) 
can be employed for final purification steps. ^ 

The polypeptides of the present invention may be a 
naturally purified product, or a product of chemical synthetic 
procedures, or produced by recombinant techniques from a 
prokaryotic or eukaryotic host (for example, by bacterial, 
yeast, higher plant, insect and mammalian cells in culture). 40 
Depending upon the host employed in a recombinant pro- 
duction procedure, the polypeptides of the present invention 
may be glycosylated with mammalian or' other eukaryotic 
carbohydrates or may be non-glycosylated. 

VEGF2 is useful as a wound healing agent, particularly 45 
where it is necessary to re -vascularize damaged tissues, or 
where new capillary angiogenesis is important. Therefore, it 
may be used for treatment of full- thickness wounds such as 
dermal ulcers, including pressure sores,. venous ulcers, and 
diabetic ulcers. In addition, it can be used in the treatment of 5Q' 
full -thickness burns and injuries where angiogenesis is 
desired to prepare the burn in injured sites for a skin graft 
and flap . In this case, it should be applied directly at the sites. 
Similar, VEGF2 can be used in plastic surgery when recon- 
struction Is required following a burn, other trauma, or even 55 
for cosmetic purposes. 

VEGF2 may also be used to induce the growth of dam- 
aged bone, periodontium or ligament tissue. It may be used 
in periodontal disease where VEGF2 is applied in a meth- ~ 
ylcellulose gel to the roots of the diseased teeth, the treat- 
mem could lead to the formation of new bone and cementum 
with collagen fiber ingrowths. It can be used for regenerating 
supporting tissues of teeth, including alveolar bone, cemen- 
tum and periodontal ligament, that have been damaged by 
disease and trauma. 65 

Since angiogenesis is important in keeping wounds clean 
and non -infected, VEGF2 mav be used in association with 



surgery and following the repair of cuts.. It should be 
particularly useful in the treatment of abdominal wounds 
where there is a high risk of infection. 

VEGF2 can be used for the promotion of endothelializa- 
tion in vascular graft surgery. In the case of vascular grafis 
using either transplanted or synthetic material, VEGF2 can 
be applied" to the surface of the graft or at the junction to 
promote the growth of the vascular endothelial cells. One 
derivation of this is that VEGF2 can be used to repair the 
damage of myocardial infarction and other occasions where 
coronary bypass surgery is needed by stimulating the growth 
of the transplanted tissue. Related to this is the use of 
VEGF2 to repair the cardiac vascular system after ischemia. 

The identification of VEGF2 can be used for the genera- 
tion of certain inhibitors of vascular endothelial growth 
factor. Since angiogenesis and neovascularization. are essen- 
tial steps in solid tumor growth, inhibition of angiogenic 
activity of the vascular endothelial growth factor is very 
useful to prevent the .further growth, retard, or even regress 
solid rumors. Although the level -of expression of VEGF2 is 
extremely low in normal tissues including breast, it can be 
found expressed at moderate levels in at least two breast 
tumor cell lines that are derived from malignant tumors. It 
is, therefore, possible that VEGF2 is involved in tumor 
angiogenesis and growth. 

VEGF2 can be used for in vitro culturing of vascular 
endothelial cells, where it can be added to the conditional 
medium to a concentration from 10 pg/ml to 10 ng/ml. 

The polypeptide of the present invention may also be 
employed in accordance with the present invention by 
expression of such polypeptide in vivo,, which is often 
referred to as "gene therapy." - r . 1 

" Thus, for example, cells such as bone marrow cells may 
be engineered with a polynucleotide (DMA or RNA) encod- 
ing for the polypeptide ex vivo, the engineered cells are then 
provided 10 a patient to be treated with the polypeptide. Such 
methods are well-known in the art. For example, cells may . 
be engineered by procedures known in the art by use of a 
retroviral particle containing RNA encoding for the polypep- 
tide of the present invention. ' 

Similarly, cells may be engineered in vivo for expression 
of the polypeptide in vivo, for example, by procedures 
known in the art. As known in the art, a producer cell' for 
producing a retroviral particle containing RNA encoding the 
polypeptide of the present invention may be administered to 
a patient for engineering cells in vivo and expression of the 
polypeptide in vivo. These and other methods for adminis- 
tering a polypeptide of the present invention by such meth- 
ods should be apparent to those skilled in the art from the 
teachings of the present invention. For example, the expres- 
sion vehicle for engineering cells may be other than a 
retroviral particle, for example, an adenovirus, which may 
be used to engineering cells m vivo after combination with 
a suitable delivery vehicle. ■ 

The polypeptide of the present invention may be 
employed in combination with a suitable pharmaceutical 
carrier. Such compositions comprise a therapeutically effec- 
tive amount of the protein, and a pharmaceutical^ accept- 
able carrier or excipient.. Such a carrier includes but is not 
limited- to saline, buffered saline, dextrose, water, glycerol, 
ethanol, and combinations thereof. The formulation should 
suit the mode of administration. 

The invention also provides a pharmaceutical pack or kit 
comprising one or more, containers rilled with one or more " 
of the ingredients of the pharmaceutical compositions of the 
invention. Associated with such containers) can be a notice 
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in the form prescribed by a governmental agency regulating 
[he manufacture, use or sale of pharmaceuticals or biological 
products, which notice reflects approval by the agency of 
manufacture, use or sale for human administration. In 
addition, the polypeptide of the present invention may be 5 
employed on conjunction with other therapeutic compounds. 

The pharmaceutical compositions may be administered in 
a convenient manner, such as the oral, and intravenous 
routes, and is preferably administered topically. The 
amounts and dosage regimens of VEGF2 administered to a 10 
subject will depend on a number of factors, such as the mode 
of administration, the nature of the condition being treated, 
the body weight of the subject being treated and the judg- 
ment of the prescribing" physician. Generally speaking, it is 
given, for example, in therapeutically effective doses of at 15 
least about 10 ,iig/kg body weight and, in most cases, it 
would be administered in an amount not in excess of about 
8 mg/kg body weight per day and preferably the dosage is. 
from' about lO-^g/kg body weight to about 1 mg/kg body 
weight daily, taking into .the. account the routes of 20 
administration, symptoms, etc. 

The sequences of the present invention are also valuable 
for chromosome identification. The sequence is specifically 
targeted to and can hybridize, with a particular location on an ^ 
individual human chromosome. Moreover, there is a current 
need for identifying particular sites on the chromosome. 
Few chromosome marking reagents based on actual 
sequence data (repeat polymorphism's) are presently avail- 
able for marking chromosomal location. The mapping of q 
DM As 10 chromosomes according to the present invention is 
an important first step in correlating those. sequences with 
genes associated with disease. 

Briefly, sequences can be mapped- to chromosomes by 
preparing PCR. primers (preferably 1-5-25 bp) from the 
cDNA. Computer analysis of the cDNA is used to rapidly 
select primers that do not span more than one exon in the 
genomic DMA, thus complicating the amplification process. 
These primers are then used for PCR screening of somatic 
cell hybrids containing individual human chromosomes. 4Q 
Only those hybrids containing the human gene correspond- 
ing to the primer will yield an amplified fragment. 

PCR mapping of somatic cell hybrids is a rapid procedure 
for assigning a particular DMA to a particular chromosome. 
Using the present invention with the same oligonucleotide 45 
primers, sublocalization can be achieved with panels of 
fragments from specific chromosomes or pools of large 
genomic clones in an analogous manner. Other mapping 
strategies that can similarly be used to map to its chromo- 
some include in situ . hybridization, prescreenmg with 50 
labeled flow-sorted chromosomes and preselection by 
hybridization to construct chromosome specific-cDMA 
libraries. 

Fluorescence in situ hybridization (FISH) of a cDNA 
clone to a me ta phase chromosomal spread can be used to 55 
provide a precise chromosomal location in one step. This 
technique can be used with cDNA as short as 500 or 600 
bases; however, clones larger than 2,000 bp have a higher 
likelihood of binding to a unique chromosomal location with 
sufficient signal intensity for simple detection. FISH 60 
requires use of the clone from which the EST was derived, 
aad the longer the better. For example, 2,000 bp is good, 
4,000 is better, and more than 4,000 is probabiy not neces- 
sary 10 eet good results a reasonable percentage of the time. 
For a review of this technique, see Verraa et al., Human ^65 
Chromosomes: a Manual of Basic Techniques. Pergamon 
Press, Mew York (19SS). 
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Once a sequence has been mapped to a precise chromo- 
somal location, the physical position of the. sequence on the 
chromosome can be correlated with genetic map data. (Such 
data are found, for example, m V. McKusick, Mendeuan 
Inheritance in Man (available on line through Johns Hopkins 
University Welch Medical Library). The relationship 
between genes and. diseases that have beea mapped to the 
same chromosomal region are then identified through link- 
age analysis (coinheritance of physically adjacent genes). 

Next, it is necessary to determine the differences in the 
cDNAor genomic sequence betw.een affected and unaffected 
individuals. If a mutation is observed in some or all of the 
affected individuals but not in any normal individuals, then 
the mutation is likely to be the causative agent of the disease. 

With current resolution of physical mapping and genetic 
mapping techniques, a cDMA precisely localized to a chro- 
mosomal region associated with the disease could be one of 
between 50 and 500 potential causative genes. (This 
assumes 1 megabase mapping resolution and one gene per 
20 kb). 

Comparison of affected and unaffected individuals gen- 
erally involves first looking for structural alterations in the 
chromosomes, such as deletions or translocations that are 
visible from chromosome spreads or detectable using PCR 
based on that cDNA sequence. Ultimately, complete 
sequencing of genes from several individuals is required to 
confirm the presence of a mutation and to distinguish 
mutations from polymorphisms. 

The- present invention is further directed .to .inhibiting 
VEGF2 in, vivo by the use of anusense technology. Anti- 
sense- technology can be used to control gene expression 
through triple -helix formation or antisense DMA or RMA, 
both of which methods are based on binding of a polynucle- 
otide to DMAor RNA. For example, the 5' coding portion of 
the mature polynucleotide sequence, which encodes for the 
polypeptide of the present invention, is used to design an 
antisense RMA oligonucleotide of from 10 to 40 base pairs 
in length. A DNA oligonucleotide Is designed to be comple- 
mentary to a region of the gene involved in transcription 
(triple helix— see Lee et al, Mucl. Acids Res., 6:3073 (1979); 
Cooney et al, Science, 241:456 (1988); and Dervan et al, 
Science, 251: 1360 (1991), thereby preventing transcription 
and the production of VEGF2. The antisense RMA oligo- 
nucleotide hybridizes to the mRMA in vivo and blocks 
translation of an mRMA molecule into the VEGF2 
(antisense — Okano, J. Meurochem., 56:560 (1991); Oligode- 
oxy nucleotides as Antisense Inhibitors. of Gene Expression, 
CRC Press, Boca Raton, Ha. (1988)). 

Alternatively, the oligonucleotides described above can 
be delivered to cells by procedures in the art such that the 
anti-sense RNA or DMA may be expressed in vivo to inhibit 
production of VEGF2 in the manner described above. 

Antisense constructs to VEGF2, therefore, may inhibit the 
angiogenic activity of the VEGF2 and prevent the further 
growth or even regress solid tumors, since angiogenesis and 
neovascularization are essential steps in solid tumor growth. 
These antisense constructs may also be used to treat rheu- 
matoid arthritis, psoriasis and diabetic retinopathy which are 
all characterized by abnormal angiogenesis. 

The polypeptides, their fragments or other derivatives, or 
analogs thereof, or cells expressing them can be used as an 
immunogen to produce antibodies, thereto. These antibodies 
can be, for example, polyclonal or monoclonal antibodies. 
Tne present invention also includes chimeric, single chain, 
and humanized antibodies, as well as Fab fragments, or the 
product of an Fab expression library. Various procedures 
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known in the art may be used for the production of such 
antibodies and fragments. 

Antibodies generated against the polypeptide correspond- 
ing to a sequence of the present invention can be obtained by 
direct injection of the polypeptide into an animal or by 
administering the polypeptide to an animal, preferably a 
aoahuman. The antibody so obtained will thea btnd the 
polypeptide itself. In this manner, even a sequence encoding 
only a "fragment of the polypeptide can be used to generate 
antibodies binding the whole native polypeptide. Such anti- 
bodies can then be used to isolate the polypeptide from 
tissue expressing that polypeptide. 

For preparation of monoclonal antibodies, any technique, 
which provides antibodies produced by continuous cell Line 
cultures can be used. Examples include the hybndoma 
technique (Kohier and Milstem, 1975, Nature, 
. 256:495—4-97), the tnoraa technique, the* human B-cell 
hybndoma technique (Kozbor et al, 1983, Immunology 
Today 4:72), and the. EB V-bybridoma technique to produce 
human monoclonal antibodies (Cole, et al., 1985, in Mono- 
clonal Antibodies and Cancer Therapy, Alan R. Liss, Inc./ 
pp. 77-96). 

, Techniques described for the- production of single chain 
antibodies. (U.S. Pat. Mo. 4,946,773) can be adapted to 
■ produce single chain antibodies to immunogenic polypep- 
tide products of this invention. 

Neutralization antibodies can be identified and applied to 
mask the vascular endothelial growth factor, and that has 
been shown, in mice model systems against VEQF. VEGF2 
can also be inactivated by certain dominant aegative mutants 
within the gene itself, it is; known that both PDGFa and P 
form either heterodimers or homodimers, and VEGF forms 
homodimers. Similar interaction between VEGF2 could be 
expected. These antibodies therefore may be used. to block 
the angiogenic activity of .VEGF2 and retard the growth of 
solid tumors. These antibodies may also be used to treat 
inflammation caused by the increased vascular permeability 
which results from the presence of VEGF2. ' 
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These antibodies mav further be used 



receptors to which a polypeptide of the present invention 
normally binds. The antagonists may be closely related 
proteins such that they recognize and bind to the receptor 
sites of the natural protein, however, they are inactive forms 
of the natural protein and' thereby prevent the action of 
VEGF2 since receptor sites are occupied. In these ways, the 
action of the VEGF2 is prevented ^and the antagonist/ 
inhibitors may be used therapeutically as an anti-tumor drug 
by occupying the receptor sites of tumors which are recog- 
aized by VEGF2 or by inactivating VEGF2 itself. The 
antagomstvinhibitors may also be used to prevent inflamma- 
tion due to the increased vascular permeability action, of 
VEGF2. The antagonist/inhibitors may also be used to treat 
solid tumor growth, diabetic retinopathy, psoriasis and rheu- 
matoid arthritis. 
The antagonist/inhibitors may be employed in a compo- 

. siaon with a pharmaceutical^ acceptable carrier, e.g., as 
hereinabove described. 

The present invention will be further described with 
reference to the following examples; however, it is to be 

understood that the present invention is not limited to such ■ 

examples. All parts or amounts, unless otherwise specified, 

are by weight. 

In order 'to facilitate understanding of the following 
examples, certain frequently occurring methods and/or 
terms will be described. ' - 1 

"Plasmids" are designated 'by a lower case" p preceded 
and/or followed by capital letters' and/or numbers. The 
starting plasmids herein are either commercially available, 
publicly available on an unrestricted basis, or can be con- 
structed from available plasmids in accord with published 
procedures. In addition,, equivalent plasmids to those 
described are known in the art and will be apparent to the 
ordinarily skilled artisan. 

"Digestion" of : DNA refers to catalytic cleavage of the 
DNA with a restriction enzyme that acts only at certain 
sequences in the DNA. The various restriction enzymes used 
herein are commercially available and their reaction 



to detect the presence of tumors in certain individuals 
Enzyme immunoassay can be performed from the blood 
sample of an individual. Elevated levels of of VEGF2 can be 
considered diagnostic of cancer. 

The present invention is also directed" to ' antagonist/ 
: inhibitors of the polypeptides of the present invention. The 
antagonist/inhibitors are those which inhibit or eliminate the 
function of the polypeptide. 

Thus, for example, antagonists bind to a polypeptide of 
the present, invention and inhibit or eliminate its function. 
The antagonist, for example, could be an antibody against 
the polypeptide which binds to the polypeptide or, in some 
cases, an oligonucleotide. An example of an inhibitor is a 
small molecule which binds to and occupies the catalytic site 
of the polypeptide thereby making the catalytic site inac- 
cessible to substrate such that normal biological activity is 
prevented. Examples of small molecules include but are not 
Limned to small peptides or peptide -like molecules. 

Truncated versions of VEGF2 can also be produced that 
are capable of interacting with wild type VEGF2 form 
dimers that fail activate endothelial cell growth, therefore 
inactivated the endogenous VEGF2. Or; mutant forms of 
VEGF2 form dimers themselves and occupies the ligand 
binding domain of the proper tyrosine Kinase receptors on 
the target cell surface, but fail to activate the cell growth. 
. -Alternatively, antagonists to the polypeptides of the 
present invention, may be employed which bind to the 



in an immunoassay ^ conditions, cofactors and other requirements were used as 
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would be known to the ordinarily skilled artisan. For ana- 
lytical purposes, typically 1 tig of plasmid or DNA fragment 
is used with about 2 units of enzyme in about 20 u\ of buffer 
solution. For the purpose of isolating DNA fragments for 
plasmid construction, typically 5 to 50 ug of DNA are 
digested with 20 to 250 units of enzyme in a larger volume. 
Appropriate buffers and substrate amounts for particular 
restriction enzymes are specified by the manufacturer. Incu- 
bation times of about 1 hour at 37° C. are ordinarily used, 
but may vary in accordance with the supplier's instructions. 
After digestion the reaction is electrophoresed directly on a 
-poly-acrylamide gel to isolate the desired fragment. 

Size separation of the cleaved fragments is performed 
using 8 percent polyacrylamide gel described by Goeddel, 
D. et al., Nucleic Acids Res., 8:4057 (1980). 

"Oligonucleotides" refers to either a single stranded 
polydeoxynucleotide or two complementary polydeoxy- 
nucleotide strands which may be chemically synthesized. 
Such synthetic oligonucleotides have no 5- phosphate and 
thus will not.ligate to another oligonucleotide without add- 
ing a phosphate with an ATP in the presence of a kinase. A 
synthetic oligonucleotide will ligate to a fragment that has 
not been dephosphorylated. 

"Ligation" refers to the process of forming phosphodi- 
ester bonds between two double stranded nucleic acid frag- 
ments (Mauiatis, T., et al., Id., p. 146). Unless otherwise 
provided, Ligation may be accomplished using known buff- ' 



5,935,820 



15 



16 



10 



ers and conditions with 10 units of T4 DNAligase ("ligase") 
per 0.5 ug of approximately equimolar amounts of the DNA 
fragments to be ligated. 

Unless otherwise stated, transformation was performed as 
described by the method of Graham, R and Van der £b, A., 
Virology, 52:456-457 (1973). 

EXAMPLE 1 

Expression, pattern of VEGF2 in human tissues and breast 
cancer cell" unes 

Northern blot analysis was earned out to examine the 
levels of expression of VEGF2 in. human tissues and breast 
cancer cell lines in human tissues. Total cellular RNA 
samples were isolated with RNAzol™ B system (Biotecx 
Laboratories, Inc.). About 10 ja% of total RNA isolated" from is 
each breast tissue and cell line specified was separated on 
1% agarose gel and blotted oato a avion filter, (Molecular 
Cloning, Sambrook Fritsch, and Mamatis, Cold Spring 
Harbor Press, 1989). The labeling reaction was done accord- 
ing to the Stratagene Prime-It kit with 50 cig DNA fragment. ^ 
The labeled DNA was purified with a Select-G-50 column 
from' 5' Prime— 3 Prime, Inc. The filter was then hybndi2ed. 
with radioactive labeled full length VEGF2 gene at 1,000, 
000 cpm/ral in 0.5 M NaP0 4 and 1% SDS overnight at 65° 
C. After wash twice at room temperature and twice at 60° C. 25 
with 0.5 X SSC, 0.1% SDS, the filters were then exposed at 
-70° C. overnight with intensifying screen. A message of 1.6 
Kb was observed in 2 breast cancer cell lines. Lane #4 
represents a very tumongehic cell line that is estrogen 
independent for growth. See FIG. 4. Also, Wug of totall 
RNA from 10 human adult . tissues were separated on an 
: agarose gel and blotted onto a nylon filter. The hTteuwas then 
hvbndrzed with radioactively labeled VEGF2 probe in 1% 
SDS, 0.5 M NaPO a , pH 7.2; "1% BSA overnight at 65° C. 
Following was in 0.2 X SSC at 65° C, the filter was exposed 35 
to film for 24 days at -70° C. with intensifying screen. See 
FIG. 5. 

EXAMPLE 2 

Expression of VEGF2 by in vitro traascripti I on and 40 
translation • 

The VEGF2 cDNA was transcribed and translated in vitro 
to determine the size .of the translatable polypeptide encoded 
by the tuil.length and partial VEGF2 cDNA. The full length 
and partial cDNA inserts of VEGF2 in- the pBluescnpt SK .45 
vector were amplified by PCR with three pans of primers, 1) 
Ml 3 -reverse and forward primers; 2) M13-reverse primer 
and VEGF primer F4; 3) iVU3-reverse primer and VEGF 
primer F5. The sequence of these primers are as follows. 
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M13-2 reverse primer: ' 
5'-ArGCTTCCGGCTCGTATG-3' (SEQ ID NO:4) 
This sequence is located upstream of the 5' end of the 
VEGF2 cDNA insert in the pBluescnpt vector and is in an 
anti-sense orientation as the cDNA. AT3 promoter sequence 
is located between this primer and the VEGF2 cDNA. 
M13-2 forward primer: 

5 , GGGTTTTCCCAGTCACGAC-3' (SEQ ID NO:5) 
Tnis sequence is located downstream of the 3' end of. the 

VEGF2 cDNA insert in the pBluescnpt vector and is in an 

anti-sense orientation as the cDN A insert. 
VEGF primer F4: 

5'-CCACATGGTTCAGGAAAGACA-3' (SEQ ID NO:6) 

This sequence is located within the VEGF2 cDNA in an 
anti-sense orientation from bp 1259-1239, which is about 
169 bp away from the 3' end of the stop cpdon and. about 266 
bp before the last nucleotide of the cDNA. 

PCR reaction with all three pairs of primers produce 
amplified products with T3 promoter sequence in front of the 
cDNA insert. THe first and third pairs of primers produce 
PCR products that encode the full polypeptide of VEGF2. 
The second pair of pnmers produce PCR product that misses 
36 amino acids coding sequence at the C-terminus of the 
VEGF2 polypeptide. 

Approximately 0:5 ug of PCR product from first pair of 
pnmers, 1 ug from second pair of pnmers, 1 ug from third 
pair of primers were used for in vitro transcription/ 
translation. The in vitro transcription/translation reaction 
was performed in a 25 ul of volume, using the T^T™ 
Coupled Reticulocyte Lysate Systems (promega, CAT# 
L4950). Specifically, the reaction contains 12.5 ui of TNT 
rabbit reticulocyte lysate 2 ul of TNT reaction buffer, 1 ul of 
T3 polymerase, 1 ul of 1 mM amino acide mixtrue (minus 
methionine), 4 ul of 35 S -methionine (>1000 Ci/mmol, 10 
mCi/mi), 1 ul of 40 U/uI; RNasin ribonuciease inhibitor, 0.5 
or 1 ug of PCR products. Nuclease -free FUO were added to 
bring the me to 25 ul. The reaction was incubated at 30° C. 
for 2 hours. Five microliters of the reaction product was 
analyzed on a 4-20% gradient SDS-PAGE gel. After fixing 
in 25% isopropanol and 10% acetic acid, the gel was dned 
and exposed to an X-ray him overnight at 70° C . 

As shown in FIG. 6, PCR products containing the full 
length VEGF2 cDNA and the cDNA missing 266 bp in the 
3' untranslated region (3'-UTR) produced the same length of 
translated products, whose molecular weights are estimated 
to be 38-40 dk. (lanes 1 & 3). The cDNA missing all the 
3'UTR and missing sequence encoding the C-terminal 36 
amino acids was, translated into " a polypeptide with an 
estimated molecular weight of 36-3S kd (lane 2). 



SEQUENCE LISTING 



<.16Q> 


NUMBER OF 


SEQ ID NQS : 9 


<2 io> 


5ZQ ID MO 


1 


<2U> 


LENGTH: 15 


25 ■ .' 


^2i2> 


TYPE : DNA 




<2 13 > 


ORGANISM: 


Homo sapiens 


<220> 


FEATURE : 




<22l> 


NAME/ KEY : 


CDS - 


<222> 


LOCATION : 


(71). .{1120) 


<22Q> 


.FEATURE : 




<22l> 


NAME/ KEY : 


sig_peptide 


<222> 


LOCATION : 


(7 1).. (142) - 


<220> 


FEATURE : 




<22\> 


NAME/ KEY : 


mat_peptioe 



5,935,820 

17 18 

-continued 



<40Q> SEQUENCE : 1 

cgaggccacg gcttatgcaa gcaaagatct ggaggagcag ttacggtctg tgtceagtgt 60 

agatgaactc atg act gta etc tac oca gaa tat tgg aaa atg tac aag 109. 
Met Thr Val Leu Tyr Pro Glu Tyr Trp Lys Met Tyr Lys 
-20 -15 



tgt cag 'eta agg aaa gga ggc tgg caa cat aac aga gaa cag gec aac 157 
Cys Gin Leu Arg Lya Gly Gly Trp Gin His Asn Arg 'Glu Gin Ala Asn 
-10 ' -5 -11. 5 

etc aac tea agg aca gaa gag act ata aaa ttt get gca gca cat tat. 205 
Leu Asn Ser Arg Thr Glu Glu Thr lis Lys Phe Ala Ala Ala His Tyr 
10 15 20 

aat aca gag ate ttg aaa agt att gat aat gag tgg aga aag act caa 25 3 

Asn Thr Glu lie Leu Lys Ser lie Asp Asn Glu Trp Arg Lye. Thr Gin 
25- 30 35 

tgc atg cca egg gag gtg tgt ata gat gtg ggg aag gag ttt gga gtc' 30 1 

Cys Met Pro Arg Glu Val Cys, He Asp Val Gly Lys Glu Phe Gly Val 
40 45 50 

gcg aca aac acc ttc ttt aaa cct cca tgt gtg tec gtc tac aga tgt 349 
Ala Thr Asn Thr Phe Phe Lys Pro' Pro Cys Val Ser Val Tyr Arg Cys 
55 50 65 

ggg ggt tgc tgc aat agt gag ggg ctg cag tgc atg aac acc age acg 397 
■ Gly Gly. Cys Cys Asn Ser Glu Gly Leu Gin Cys Met Asn Thr Ser Thr 
70 75 80 95 

age .tac etc age aag acg- tta ttt gaa att aca gtg cct etc tct caa 445 
Ser Tyr Leu Ser Lys Thr Leu Phe Glu lie Thr- Val Pro Leu Ser Gin 

.90 95 100 

ggc ccc aaa cca gta aca ate agt ttt gee aat cac act tec tgc cga 49 3 

Gly Pro Lys Pco'Val" Thr He Ser Phe Ala Asn His Thr Ser Cys Arg 
105 110 115 

tgc atg tct aaa ctg gat gtt tac aga caa gtt cat tec att att aga 54.1 
Cys Met Ser Lys Leu Asp Val Tyr Arg Gin Val His Ser He He Arg 
120 125 130 

cgt tec ctg cca gca aca eta cca cag tgt. cag gca gcg aac aag acc 58 9 

Arg Ser Leu. Pro Ala Thr Leu Pro Gin Cys Gin Ala Ala Asn Lys Thr 
135 140 145 . 

tgc ccc acc aat tac atg tgg aat aat cac ate tgc 1 aga tgc ctg get 637 
Cys Pro Thr Asn Tyr Met Trp Asn Asn His lie Cys Arg Cys Leu Ala 
150 155 160 155 

cag gaa gat ttt atg ttt tec teg gat get gga gat gac tea aca gar 635 
Gin Glu Asp Phe Men Phe Ser Ser Asp Aia Gly Asp Asp Ser Thr- As.p 
170 - - 175 130 

gga ttc cat gac arc tgt gga cca aac aag gag ctg gat gaa gag acc 733 
Gly Phe His Asp lis Cys Giy Pro Asn Lys Glu Leu Asp Glu Glu Thr 
185 190 195 

tgt cag tgt gtc tgc aga gcg ggg ctt egg cct gee age tgt gga cec 79 1 

Cys Gin Cys Val Cys Arg Ala Gly Leu Arg Pro Ala Ser Cys Gly Pro 
200 205 210 

cac'aaa gaa eta gac aga aac tea tgc .cag tgt. gtc tgt aaa aac aaa 829 
His Lys Glu Leu Asp Arg Asn Ser Cys Gin Cys Val Cys Lys Asn Lys 

215 " 220 . 225 '_ 

etc ttc cce age caa tgt ggg gec aac cga gaa ttt gat gaa aac aca 97 7 

Leu Phe Pro Ser Gin Cys Gly Ala Asn Arg Glu Phe Asp Glu Asn Thr. 
230 235 ' 240 " 245 

tgc cag tgt gta tgt aaa aga acc tgc ccc aga aat caa ccc eta aat 925 
Cys Gin Cys Val Cys Lys Arg Thr Cys Pro Arg Asn Gin Pro Leu Asn 
250 255 260 



cct gga aaa tgt gec tgt gaa tgt aca gaa agt cca cag aaa tgc ttg 
Pro Gly Lys Cys Ala Cys Glu Cys Thr Glu Ser Pro Gin Lys Cys Leu 

255 270 275 



9 7 3. 
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-continued 



tta aaa gga aag aag ttc cac cac caa aca tgc age tgt tac aga egg 1Q21 
■Leu Lys Gly Lys Lys Phe His His Gin Thr Cys Ser Cys Tyr Arg Arg 
280 * 285 29Q 

oca tgt acg aac cgc cag aag get tgt gag cca. gga ttt tea tat agt 1069 
Pro Cys Thr Asn Arg Gin Lys Aia Cys Glu Pro Gly Phe Ser Tyr Ser 
295 300 305 

gaa gaa gtg tgt cgt tgt gtc cct tea tat tgg caa aga cca caa atg 1117 
Glu Glu Val Cys Arg Cys Val Pro Ser Tyr Trp Gin Arg Pro Gin Met 
3 10 3 IS 320 325 

age taagaiitgta ctgttttcca gttcatcgat tttctattat ggaaaactgt 1170- 
Ser 

gttgccacag tagaactgtic tgtgaacaga gagaccetzg tgggtccatg ctaacaaaga 1230 

caaaagtctg tctttcctga accatgtgga taactttaca gaaatggact ggagctcatc 1290 

tgcaaaagge ct.ct-gta.aa gactggtttt cngcca.ax.ga ccaaacagcc - aagattttcc 1350 

tcttgtgatt. tctttaaaag aatgaccata taatttattt ccactaaa'aa tattgtttct 1410 

gcattcattt T:tatagcaac aacaattggt aaaactcact gtgatcaata tttttatatc 1470 

atgeaaaara tgnttaaaat aaaatgaaaa ttgtattata aaaaaaaaaa aaaaa 1525 



<210> SZQ ID NO 2 

<211> LENGTH : 350 ■ 

<212> TYPE: PRT 

<213> ORGANISM : Homo sapiens 

' <400> SEQUENCE : 2 

Met Thr Val Leu Tyr Pro Glu Tyr Trp Lye Met Tyr Lys. Cys Gin Leu 
-20 -" -15 -10 

Arg Lvs Gly Gly Trp Gin. His- Asn Arg Glu Gin Ala Asn Leu Asn' Ser 
-5 ' -I 1 5 

Arg Thr Glu Glu Thr lie Lys Phe Ala Ala Ala His Tyr Asn Thr Glu 
L0 15 20 

Xle Leu Lys Ser lie Asp Asn Glu Trp Arg Lys Thr Gin Cys Met Pro 
25 30 35 40 

Arg Glu Val Cys Ila Asp Val Gly Lys Glu Phe Gly Val Ala Thr Asn 
4 5 • . 50 5 5 

Thr Phe Phe Lys Pro Pro Cys Val Sec Val Tyr Arg Cys Gly Gly Cys 
6 0 65 . 70 

Cys Asn Ser Glu Gly Leu Gin Cys Mat Asn Thr Ser Thr Ser Tyr Leu 
7 5 *' 3 0 9 5 

Ser Lys Thr Leu Phe Glu Xle Thr Val Pro Leu Ser Gin Gly Pro Lys 
90 95 100 

Pro Val Thr lie Ser Phe Ala Asn His Thr Ser Cys Arg Cys Met Ser 

105 ' ■ 110 115 120 

Lys Leu Asp Val Tyr Arg Gin Vai His Ser lie lie Arg Arg Ser Leu 
125 130 135 

Pro Ala Thr Leu Pro Gin Cys Gin Ala Ala Asn Lys Thr Cys Pro Thr 
140 145 . 150 

Asn Tyr Met Trp Aan Asn His He Cys Arg Cys Leu Ala Gin Glu Asp 
155 160 165 

Phe Met Phe Ser Ser Asp Ala Gly. Asp Asp Ser thr Asp Gly Phe His 
170 175 130 

Asp lie Cys Gly Pro Asn Lys Glu Leu Asp Giu Glu Thr Cys Gin Cys 
195 190 . 195 200 

Vai Cys Arg Ala Gly Leu Arg Pro Ala Ser Cys Gly Pro His Lys Glu 

205 210 .215 
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-continued 



Leu Asp Arg Asn Ser 


Cys 


Gin 


Cys 


Vai 


Cys 


Lys 


Asn 


Lys 


Leu 


Phe 


Pro 




220 








225 










230 






Ser Gin Cvs Gly Aid 


Asn 


Arg 


Glu 


Phe 


Asp 


Glu 


Asn 


Thr Cys 


Gin 


Cys 




235 






240 










245 








Vai Cys Lys Arg Thr 


Cys 


Pro 


Arg 


Asn 


Gin 


Pro 


Lau 


Asn 


Pro Gly 


Lys 


250 




255 










260 










Cys Ala Cys Glu Cys 


Thr 


Glu 


Ser 


Pro 


Gin 


Lys 


Cys 


Leu 


Leu 


Lys 


Gly 


265 




2 70 




















290 


Lys Lys Phe His His 


urn 


Thr 


Cys 


Ser 


uys 


Tyr 


Arg 


Arg 


Pro 


Cys 


Thr 




295 










290 










295 




Asn Arq' Gin Lys Ala 


Cys 


Glu 


Pro 


Gl y 


.he 


er 


Tyr 


Ser 


Glu 


Glu 


ax 




300 








30 5 










3lQ 






Cys Arg Cys Val Pro 


Ser 


Tyr 


Trp 


UlZl 


Arg 




Gin 


Mat 


Ser 








315 






320 










325 








<2IQ> 


SEQ ID NO 3 
























<2U> 


" LENGTH : 14 
























<212> 


TYPE: PRT 
























<213> 


ORGANISM : Homo 


sapiens 




















<22Q> 


FEATURE: 
























<221> 


NAME /KEY: SITE 
























<222> 


LOCATION: {2) 
























<223> 


OTHER INFORMATION: 


Xaa 


equals 


any 


amino acid 








<220>- 


FEATURE : 
























<221> 


NAME /KEY: SITE 
























<222> 


LOCATION: (5). 


-<7) 






















<223> 


OTHER INFORMATION 1 : 


Xaa 


equals 


any 


amino acid . 








<2 20> 


FEATURE: 
























<22l> 


NAME /KEY: SITE 
























<222> 


LOCATION": ( 10 ) 
























<222> 


OTHER INFORMATION: 


Xaa 


equ 


als 


any 


amino acid 









«=4QQ> SEQUENCE : 3 

Pro Xaa Cys Val Xaa Xaa Xaa Arg Cys Xaa Gly Cys Cys Asn 
1 5 10 



<2lQ> SEQ ID NO 4 

<2U> LENGTH: 13 

<212> TYPE : DNA 

<213> ORGANISM: Hcrao sapiens 

<4GQ> SEQUENCE: 4 

atgcttcegg etcgtatg 



<2i0> SEQ ID NO 5 

<2il> LENGTH: 19 

<2 12> TYPE : DNA ' 

<2 1 3 > ORGANISM: Homo sapiens 



<4 00> SEQUENCE: 5 * 
gggttttccc agtcacgac 19 



<210> SEQ ID NC 6 

«2U> LENGTH: 21 

<212> TYPE: DNA 

c213> ORGANISM: Homo sapiens 



<4O0> SEQUENCE: 6 
ccacatg.gtt caggaaagac a 



<210> SEQ ID NO 7 

<21l> LENGTH : 196 

<212> TYPE : PRT 

<213> ORGANISM: Homo sapiens 
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-continued 



<4QQ> SiQUZNCZ: 7 

Met Ara Thr Leu Ala Cys Leu Leu Lau Leu Gly Cys Gly Tyr Lau Ala 
L ' • 5 10 15 

His Vai- Leu Ala Giu Giu Ala Giu He Pro Arg Giu -Vol lie Giu Arg 
20 t ~ 25 " 30 

Leu Aid Arg Ser Gin lie His Ser He Arg Aep Leu Gin Arg Leu Leu 
35 4 0 45 

Giu He Asd Ser Val Gly Ser Giu Asp Ser Leu Asp Thr Ser Leu Arg 
50 V '55 SO 

Ala His Gly Val .His Ala Thr Lys His Val Pro Giu Lys Arg Pro Leu 
65 70 75 30 

Pro He Arg Arg Lys Arg Ser lie Giu Giu Ala Val Pro Ala Val Cys 
S3 90 95 

Lys Thr Arg Thr Val He Tyr Giu He Pro Arg Ser Gin Val Aap Pro ' 
100 105 110 

Thr Ser Ala Asn Phe Leu He Tr? Pro Pro Cya Val Giu Val Lys Arg 
115 120- 125 

Cys Thr Gly Cys Cys Asn Thr Ser Ser Val Lys Cys Gin Pro Ser Arg 
130 135 , 140 

Val His His. Arg Ser Val Lys Val Ala Lys Val Giu. Tyr Val Arg Lys 
145 L50 155 loO 

Lys: Pro Lys Leu Lys Giu Val Gin Val Arg. Leu Giu Giu His Leu Giu 
LaS • . 170 , ^175 

Cys Ala Cys Ala Thr Thr Ser Leu Asn Pro Asp Tyr Arg Giu Giu Asp 
180 ■ 19 5 190 

Thr Asp Val Arg 
195 



- <21Q> S£Q ID NO a 

<2 1 1> LENGTH": 24 1 

<2 12> TYPE ; PRT 

<2 13> ORGANISM: Homo sapiens 

<4GQ> SZQUENCS: 8 ; 

Met Asn Arg Cys Trp Ala Leu Phe Lau Ser Leu Cys Cys Tyr Leu Arg 
I 5 10 15 

Leu Val Ser Ala Giu Gly Asp Pro He Pro Giu Giu Leu Tyr Giu Met 
20 * 25 30 

Leu Ser Asp His Ser He Arg Ser Phe Asp Asp Leu Gin Arg Leu Leu 
, 3 5 40 45 

His Gly Asp Pro Giy Giu Giu Asp Gly Ala Giu Leu Asp Leu Asn Met 
50 5S 60 

Thr Arc. Ser His Ser Gly Giy Giu Leu Giu Ser Lau Ala Arg Gly Arg 
65 70 - 75 80 

Arg Ser Leu Gly Ser Leu Thr He Ala Giu Pro Ala-. Met. He Ala Giu 
35 -90 95 

Cys Lys Thr Arg Thr Giu Val Phe Giu Ha Ser Arg Arg Leu He Asp 
100 105 U0. 

Arg Thr Asn Ala Asn Phe Leu Val Trp Pro Pro Cye Val Giu Val Gin 
115 120 * 125 

Arg Cys Ser Giy Cys Cys Asn Asn Arg Asn Val Gin Cys Arg Pro Thr 
13 0 ■135 140 

Gin Val Gin Lau Arg Pro Val Gin Val Arg Lys He Giu lie Val. Arg 
145 15Q '155 160 
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Lys Lys Pro lie Phe Lye Lys Ala Thr Val Thr Leu Glu Asp His Leu 
■165 170 175 

Ala Cys Lys Cys Glu Thr Val Ala Aid Ala Arg Pra Val Thr Arg Ser 
130 185 190 

Pro Gly Gly Ser Gin Glu Gin Arg Ala Lys Thr Pra Gin Thr Arg Val 

■ 195 200 205 

Thr lie Arg Thr Val Arg Val Arg Arg Pro Pra Lys Gly Lys His Arg 
210- 215 220 

Lys Phe Lys' His Thr His- Asp Lys Thr Ala Leu' Lys Glu Thr Leu Gly 

22S 230 .- 235 . 240 . 



<2lG> SEQ ID NO 9 
<211> LENGTH : 232 
,<212> TYPE: PRT 
<213> ORGANISM: Homo sapiens . 


















<400> SEQUENCE: 


9 
























Met Asn 
I 


Phe 


Leu 


Lau 
5 


Ser 


Trp 


Val 


His 


Trp 
10 


Ser 


Leu 


Ala 


Leu 


Leu 
15 


Leu. 


Tyr . Lea 




His 
20' 


Ala 


Lys 


Trp 


Sar 


Gin 
25 


Ala 


Ala 


Pro 


Met 


Ala 
30 


Glu 


Gly 


Gly Gly 


Gin 
35 


Asn 


H.L5 


His 


Glu 


Val 
40 


Val 


Lys 


Phe 


Met 


Asp 
45 


Val 


Tyr 


Gin 


Arg Ser 
5 0 


Tyr 


Cys 


His 


Pro' 


He 
.55 


Glu 


Thr 


Leu 


v«i 


Asp 

60 


lie 


Phe 


Gin 


Giu 


Tyr Pro 

6 5. 


Asp 


Glu 


lie 


Glu 
70 


Tyr 


lie 


Phs 


Lys 


Pro 

. 75 


Ser 


Cys 


Val 


Pro 


Leu 

ao 


Met Arg 


Cys 


Gly 


Gly 

'85 


Cys 


Cys 


Asn 


Asp 


Giu 
90 


Gly 


Leu 


Glu 


Cys 


Val 
95 


Pro 


Thr Glu 


Glu 


Ser 
100 


Asn 


He 


Thr 


Met 


Gin 
105 


He 


Met 


Arg 


lis 


Lys 
110 


Pro 


His 


Gin Gly 


Gin 
115 


His 


lie 


Gly 


Glu 


Mei: 
120 


Ser 


Phe 


Leu 


Gin. 


His 
125 


Asn 


Lys 


Cys 


Glu Cys 
130 


Arg 


Pro 


Lys 


Lys 


Asp 
135 


Arg 


Ala 


Arg 


Gin 


Glu 
140 


Lys 


Lys 


Ser 


Val 


Arg Gly 

145 


Lys 


Gly 


Lys 


Gly 
150 


Gin 


Lys 


Arg 


Lys 


Arg 
155 


Lys 


Lys 


Ser 


Arg 


Tyr 
150 


Lys Ser 


Trp 


Ser 


Val 

165 


Tyr 


Val 


Gly 


Ala 


Arg 
170 


Cys 


Cys 


Leu 


Met 


' Pro 
175 


Trp 


Ser Leu 


Pro 


Gly 
180 


Pro 


His 


Pro 


Cys Gly 
135 


Pro 


Cys 


Ser 


Glu 


Arg 
19 Q 


Arg 


Lys 


His Leu 


Phe 
195 


Val 


Gin 


Asp 


Pro 


Gin 
200 


Thr 


Cys 


Lys 


Cys 


Ser 
205 


Cys 


Lys 


Asn . 


Thr Asp 
. 210 


Ser 


Arg 


Cys 


Lys 


Ala 

215 


Arg 


Gin 


Lau 


Glu 


.Lys 
220 


Asn 


Glu 


Arg 


Thr 



Cys Arg Cys Asp Lys Pro Arg Arg 
225 ' 230 



What is claimed is: 60 . 4. A recombinant vector comprising the polynucleotide ot*. 

1. An isolated 'polynucleotide encoding a mature portion claim 2. 

of a protein consisting 'of SEQ ID NO:2. - 5. A recombinant vector comprising the polynucleotide of 

2. The isolated polynucleotide of ciaim 1 encoding a claim 2 operatively associated with a regulatory sequence 
proprotein portioa of a protein consisting of SEQ ID N0:2. 65 that controls gene expression. 

3. The polynucleotide of claim 2 fused to a polynucleotide 6. A genetically engineered host cell comprising . the 
which encodes a heterologous polypeptide. polynucleotide of claim 2. 



5,9: 

27 

7. A genetically engineered host cell comprising the 
polynucleotide of claim 2 operativeiy associated with a 

■ heterologous regulatory sequence that controls gene expres- 
sion. 

8. A method for producing a VEGF-2 polypeptide, com- 
prising: , 

(a) culturing the- genetically engineered host cell of claim 
7 under conditions suitable to produce the polypeptide; 
and 

(b) recovering the polypeptide from the cell culture. 
9 ; The polynucleotide of claim 2 fused to a heterologous 

polynucleotide. 

10. The polynucleotide of claim 1 fused to a polynucle- 
otide which encodes a heterologous polypeptide. 

U. A recombinant vector comprising the polynucleotide 
of claim 1. 

12. A recombinant vector- comprising the polynucleotide 
of claim 1 operativeiy associated with a regulatory sequence 

" that controls gene expression. 

13. A genetically engineered host cell comprising the 
polynucleotide of claim 1. 

14., A genelically engineered host cell comprising the 
polynucleotide of claim 1 operativeiy associated' with a 
heterologous regulatory sequence that controls gene expres- 
sion. 

15. A method for producing a VEGF-2 polypeptide, 
comprising: . 

(a) culturing the genetically engineered host cell of claim 
14 under conditions suitable to produce the polypep- 
tide; and 

(b) recovering the polypeptide from the ceU\culture- 30 

16. The polynucleotide of claim 1 fused to a heterologous 
polynucleotide. 

17. An isolated. polynucleotide which encodes a polypep- 
tide comprising ammo acids 61-74 of SEQ ID NO:2. 

IS. The isolated polynucleotide of claim 17, wherein the 35 
polypeptide comprises amino acids 1-326 of SEQ ID MO;2. 

19. The polynucleotide of claim 18 fused to a polynucle- 
otide which encodes a heterologous polypeptide. 

20. A recombinant vector comprising the polynucleotide 
of claim IS. 40 
. 21. A recombinant vector comprising the polynucleotide 
of 'claim 18 operativeiy associated with a regulatory 
sequence that controls gene expression. 

22. A genetically engineered host cell comprising the 
polynucleotide of claim IS. 45 

23. A genetically engineered host- cell comprising the 
polynucleotide of claim 18 operativeiy associated with a 
heterologous regulatory sequence that controls gene expres- 
sion. 

24. A method for producing a- VEGF-2 polypeptide, 50 
comprising: 

(a) cultunng the genetically engineered host cell of claim 
23 under conditions suitable to produce the polypep- 
tide; and 

(b) recovering the polypeptide from the cell culture. 55 

25. The polynucleotide of claim 18 -fused to a heterolo- 
gous polynucleotide. 

■ 26. The isolated polynucleotide of claim 17, wherein the 
polypeptide comprises ammo acids -24—326 of SEQ ID 
NO: 2. 60 

27. The polynucleotide of claim 26 fused to a polynucle- 
otide which encodes a heterologous polypeptide. 

28. A recombinant vector comprising the polynucleotide 
of claim 26. 

29. A recombinant vector comprising the polynucleotide 
of claim 26 operativeiy associated -with a regulatory 
sequence that controls gene expression. 
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30. A genetically engineered host cell comprising the 
polynucleotide of claim 26. 

31. A genetically engineered host cell comprising the 
polynucleotide of claim 26 operativeiy associated with a 

5 heterologous regulatory sequence that controls gene expres- 
sion. 

32. A method for producing a VEGF-2 polypeptide, 
comprising: 

(a) culturing the genetically engineered host cell of claim 
10 31 under conditions suitable to produce the polypep- 
tide; and . 

(b) recovering the polypeptide from the cell culture. 

33. The polynucleotide of claim 26 fused to a heterolo- 
gous polynucleotide. 

15 34. The polynucleotide of claim 17 fused to a polynucle- 
otide which encodes a heterologous polypeptide. 

35. A recombinant vector comprising the polynucleotide 
of claim 17.. 

36. A recombinant vector comprising the polynucleotide 
20 of claim 17 operativeiy associated with a regulatory 

sequence that controls gene expression. 

37. A genetically . engineered host cell comprising the 
polynucleotide of claim 17. 

. 38. A genetically engineered host cell comprising the 
2$ polynucleotide of claim 17 operativeiy associated with a 
heterologous regulatory sequence that controls gene expres- 
sion. ' 

39. A method for producing a VEGF-2 polypeptide, 
comprising: 

(a) culturing the genetically engineered host cell of claim 
38 under conditions suitable to produce the polypep- 
tide, and 

J (b) recovering the polypeptide from the cell culture. 

40. The polynucleotide of claim 17 fused to a heterolo- 
gous polynucleotide. 

41. "An isolated polynucleotide which hybridizes to a 
polynucleotide consisting of a nucleotide sequence of SEQ 
ID MO: 1 or the complement of SEQ ID NO: 1 under the 
.following conditions: hybridization in 0.5M NaPO,. 7%. ' 
sodium dodecyl sulfate (SDS) at 65° C. and washing with 
0.5xSSC. 0.1% SDS at 60° C. 

42. The isolated polynucleotide of claim 41, wherein the 
polynucleotide is DNA. 

43. The isolated polynucleotide of claim 41, wherein the 
polynucleotide is RNA. 

44. The polynucleotide of claim 41 fused to a polynucle- 
otide which encodes a heterologous polypeptide.. 

45. A recombinant vector comprising the polynucleotide 
of claim 41. 

46. A recombinant vector comprising the polynucleotide 
of claim 41 operativeiy associated with a regulatory 
sequence that controls gene expression. 

47.. A geaetically engineered host cell comprising the 
polynucleotide of claim 41. 

48. A genetically engineered host cell comprising the 
polynucleotide of claim 41 operativeiy associated with a 
heterologous regulatory sequence that controls gene expres- 
sion. 

49. The polynucleotide of claim 41 fused to a heterolo- 
gous polynucleotide. 

50. An isolated polynucleotide which hybridizes to the 
cDNA contained in ATCC Deposit No. 75968 under the 
following conditions: hybridization in 0.5M NaPOj, 7% 
sodium dodecyl sulfate (SDS) at 65° C. and washing with 

65 0.5xSSC, 0.1% SDS at 60° C. 

51. The isolated polynucleotide of claim 50, wherein the 
polynucleotide is DNA. . 
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52. The isolated polynucleotide of claim 50, wherein the 
polynucleotide is RNA. 

53. The polynucleotide of claim 50 fused to a polynucle- 
otide which encodes a heterologous polypeptide. 

54. A recombinant vector comprising the polynucleotide 
of claim 50. 

. 55. A recombinant vector comprising the polynucleotide 
of claim 50 operatively associated with a regulatory 
sequence that controls gene expression. 

56.. A genetically engineered host cell comprising the 
polynucleotide of claim 50. 

57. - A genetically- engineered host cell comprising the 
polynucleotide g{ claim 50 operatively associated with a 
heterologous regulatory sequence that controls gene expres- 
sion. 

58. A method for producing a VEGF-2 polypeptide, 
comprising: 

(a) culruring the genetically engineered host cell of claim 
57 under conditions suitable to produce the polypep- 
tide; and . 

■ (b) recovering the- polypeptide from the cell- .culture. 

59. The polynucleotide of claim 50 fused to a heterolo- 
gous polynucleotide. 

60. A' method for producing a VEGF-2 polypeptide, 
comprising: v 

(a) cul luring a genetically engineered host cell comprising 
an isolated mammalian RNA or cDNA which hybrid- 
izes to a polynucleotide consisting of a nucleic 
sequence or the complement of SEQ ID NO: I under the 
following conditions; hybridization m 0.5M"NaPO 4 7% 
sodium dodecyl sulfate (SDS) at 65° C. and washing 

" with O.ixSSC 0.1% SDS at 60° C. under conditions 
suitable to produce the 'polypeptide; and 

■(b) recovering the polypeptide from the cell culture. 

61. An isolated polynucleotide comprising a polynucle- 
otide thai encodes a polypeptide fragment of'SEQ ID NO:2, 
wherein said polypeptide fragment has angiogenic activity. 

62. Tne polynucleotide of claim 61 fused to a heterolo- 
gous polynucleotide. 

63. The polynucleotide of claim 61 fused to a polynucle- 
otide which eacodes a heterologous polypeptide. 

64. A recombinant vector comprising the polynucleotide 
of claim 61. 

65. A recombinant vecior comprising the polynucleotide 
of claim 61 operatively associated with a regulatory 
sequence that controLs gene expression: 

66. A genetically engineered host cell comprising the 
polynucleotide of claim 61. 

6*7. A genetically engineered host cell comprising the 
polynucleotide of claim 61 operatively associated with a 
heterologous regulatory sequence that controls gene expres- 
sion. 

- 68. A method for producing a VEGF-2 polypeptide, 
comprising: 

(a) culruring the genetically engineered host cell of claim 
67 under conditions suitable to produce the. polypep- 
tide; and 

(b) recovering the polypeptide from the cell culture. 

69. An isolated polynucleotide comprising a polynucle- 
otide that encodes a polypeptide fragment encoded by- the 
cDNA contained in ATCC Deposit No. 75968, wherein said 
fragment has angiogenic activity. 

70. The polynucleotide of claim 69 fused to a heterolo- 
gous polynucleotide. 

71. The polynucleotide, of claim 69 fused to a polynucle- 
otide which encodes a heterologous polypeptide. 
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72. A recombinant vector comprising the polynucleotide 
of claim 69. 

73. A recombinant vector comprising the polynucleotide 
of claim 69 operatively associated with a regulatory 
sequence that controls gene expression. 

74. A genetically engineered host cell comprising the 
polynucleotide of claim 69. 

75. A genetically engineered host cell comprising the 
polynucleotide of claim 69 operatively associated with a 
heterologous regulatory sequence that controls gene expres- 
sion. 

76. A method for producing a VEGF-2 polypeptide, 
comprising: 

(a) culruring the genetically engineered host cell of claim 
75 under conditions suitable to produce the polypep- 
tide; and 

(b) recovering the polypeptide from the cell culture. 

77. An isoLated polynucleotide comprising a polynucle- 
otide that encodes a polypeptide fragment of SEQ ID NO:2, 
wherein said polypeptide, fragment has endothelial cell pro- 
liferative activity. 

78. The polynucleotide of claim 77. fused to a heterolo- 
gous polynucleotide. 

79. The polynucleotide of claim 77 fused to a polynucle- 
otide which encodes a heterologous polypeptide. 

80. A recombinant vector comprising the polynucleotide 
of claim 77- 

81. A recombinant vector comprising the polynucleotide 
of claim 77 ' operatively associated with a regulatory 
sequence that controls gene expression. 

82. A genetically engineered host cell comprising the 
polynucleotide of claim 77.. 

83. A genetically engineered host cell comprising the 
polynucleotide of claim 77 operatively associated with a 
heterologous regulatory sequence that controls gene expres- 
sion. 

84. A method for producing, a VEGF-2 polypeptide, 
comprising: 

(a) culturing the genetically engineered host cell of claim 
83 under conditions suitable to produce the polypep- 
tide; and 

(b) recovering the polypeptide from the cell culture. 

85. An isolated polynucleotide comprising a polynucle- 
otide that encodes a polypeptide fragment encoded by the 
cDNA contained in ATCC Deposit No. 75968, wherein said 
fragment has endothelial cell proliferative activity; 

86. The polynucleotide of claim 85 fused to a heterolo- 
gous polynucleotide. 

S7-. The polynucleotide of claim 85 fused to. a polynucle- 
otide which encodes a heterologous polypeptide. 

88. A recombinant vector comprising the polynucleotide 
of claim 85. 

89. A recombinant vector comprising the polynucleotide 
of claim 85 operatively associated . with a regulatory 
.sequence that controls gene expression. 

90. " A genetically engineered host cell comprising the 
polynucleotide of claim 85. 

91. A genetically engineered host cell comprising the 
polynucleotide of claim 85 operatively associated with a 
heterologous regu'atory sequence that controls gene expres- 
sion. 



5,935,820 



31 



32 



92. A method for producing a VEGF-2. polypeptide, 
comprising: 

(a) cultunng the genetically engineered host cell of claim 
91 under conditions suitable to produce the polypep- 
tide; and 

(b) recovering the polypeptide from the cell culture. 

93. An isolated polynucleotide encoding a mature portioQ 
of a protein encoded by the cDNA contained in ATCC 
Deposit No. 7596S. 

94. The polynucleotide of claim 93 fused to a heterolo- 
gous polynucleotide. 

95. The polynucleotide of claim 93 fused to a polynucle- 
otide which encodes a heterologous polypeptide. 

96. A recombinant vector comprising the polynucleotide 
of claim 93. 

97. A recombinant vector comprising, the polynucleotide 
of claim 93 operatively associated with a regulatory 
sequence that controls gene expression. 

' 98. A genetically engineered host cell comprising the 
polynucleotide of claim 93. 

99. A genetically engineered host cell comprising the 
polynucleotide of claim 93 operatively associated with a 
heterologous regulatory sequenceThat controls gene expres- 
sion. . . 

100. A method for producing a VEGF-2 polypeptide, 
comprising: 

(a) cultunng the genetically engineered host cell of claim 
99 under conditions suitable to produce the polypep- 
tide; and 

(b) recovering the polypeptide' from the cell culture. 
-.101. An isolated polynucleotide encoding. a proprotein 

portion of a protein encoded bv the cDNA contained in 
ATCC Deposit No. 75968. ' • 

102. The polynucleotide of claim 101 fused to a heter- 
ologous polynucleotide. 

103. The polynucleotide of claim 101 fused to a poly- 
nucleotide which encodes a heterologous polypeptide. 

104. A recombinant'vector comprising the polynucleotide . 
of claim 101. 
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105. A recombinant vector comprising the polynucleotide 
of claim 101 operatively associated with a regulatory 
sequence that controls gene expression. 

106. A genetically engineered host cell, comprising the 
polynucleotide of claim 101. 

107. A genetically engineered host cell comprising the 
polynucleotide of claim 101 operatively associated with a 
heterologous regulatory sequence that controls gene expres- 
sion. 

108. A method for producing a VEGF-2 polypeptide, 
comprising: 

(a) cultunng the genetically engineered host cell, of claim 
107 under conditions suitable to produce the polypep- 
tide; and . 

(b) recovering the polypeptide from the cell culture. 
109: An isolated polynucleotide encoding a protein 

encoded by the cDNA contained in ATCC Deposit No ' 
75968. 

110. The polynucleotide of claim 109 fused to a heter- 
ologous polynucleotide. { 

HI. The polynucleotide of claim 109 fused to a poly- 
nucleotide which encodes a heterologous polypeptide. 

112. A recombinant vector comprising the polynucleotide 
of claim 109. 

113. A recombinant vector comprising the polynucleotide 
of claim 109 operatively associated with a regulatory 
sequence that controls gene expression. 

114. A genetically engineered host, cell-comprising the 
polynucleotide of claim 109. 

115.. A genetically engineered host cell comprising the-" 
polynucleotide of claim 109 operatively associated with a 
heterologous regulatory sequence that controls gene expres- 
sion. 

116. A method for producing a VEGF-2 polypeptide, 
comprising: 

(a) cultunng the genetically engineered host cell of claim 
115 under conditions suitable to produce the polypep- 
tide, and 

(b) recovering the polypeptide from the cell culture. 
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